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ABSTRACT

Study on the Antitumor Substance Isolated from
Oldenlandiae diffusae Herba

Sung-Hoon kim, O.M.D., Ph.D.,
Oriental medical college. Tagjeon university, 96-3, Yongwoondong, Donggu,
Taejeon, South Korea, 300-716.

Hexane fraction of Oldenlandiae diffusae Herba(ODH) which was being used for
the treatment of caner in oriental medicine showed the best cytotoxicity against
L1210 and A549 in the solvent fractions. Antitumor substance isolated from hexane
fraction of ODH was identified as ursolic acid(UA) by photometric analysis. IC50
of UA against cancer cells as SNU-1, HCT15, XF498, SK-MEL2 and Ab49 was
13ug/me, 15ug/mé, 12pg/me, 9ug/mé and 1lpg/ml respectively. It significantly inhibited
the metastasis to lungs and kidneys from pulmonary colonization assay and study
on histological changes of organs and showed the enhancing effect on B cell
dosage-dependently by FACS analysis.

T/C % of UA against S-180 cells was 171 % and its cytotoxicity against
SNU-1 iant was confirmed from the morphological changes by elctronic
microscopes such as SEM and TEM that it induced undulated membrane 4 hr
after UA treatment, and the breakdown of cell membrane and nucleus 24 hr after
UA treatment.

1. # &
224 &77F 2e AvEd Asked
WAL 2 BEMUI(FEHERS Rubia ZaoAE B, #F, A, ¥d R ¥
ceae)dl £atE 1dA 2EA AFANEE Bz FERAe F2 R fve
(% E) Olden-landiae diffusae(WILLD) ~1*1= Avre] Weak, AFEol APt

% = 5 1)2)

ROXB.(=Hedyotis diffusa WILLD.)®} A Ao AFAA A Ak
WA Az pe &, 4, mEs %
C EE BERCR FERHE o o xu FLIE AL 9%, A

—273—



2 Xk HEREE FUE H K

BAZe 2o YRIAY 98sn g
¥ Hooe 287 dger 2 9
¢ 5o S85 YT

Wi dx A ofgtgoze in
vitrool A FMEEHPEH Hazol of

s vlekd aHgol Qom Algus At
YT FH5e F8T, FAYRT
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coumaric acid $°] 28 32*”, Huange
A 2-¢ iridoids2A] oldenlando-side &
gatgd o’ WAz Bdol A4
= o|&3ld FyFBAPE MAHE dAF
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Mol oJgt dejstad W3l in vivooll A A
BAFE(T/C%), 53, pulmonary
colonization assay, I7|ZZA W3 & =
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RPMI1640(Sigma), fetal bovine serum

(FBS, Sigma), dulbecco’s phosphate buff
ered saline(DPBS-A, Sigma), sodiumdo
decylsulfate(SDS, Sigma), 5-fluorouracil
(Sigma), mitomycinC(IMMC, Sigma), cis
platin(CPT, Daewoong Pharm. co.), tryp
sinEDTA(Sigma), 3-[4,5-dimethylthiazol



I REZNE MY PUREEME WY R 3

Scheme 1. WapALE X

sotid 83

2

o

Oldenlandia diffusa(500g) B

\ extracted with Methanol

|

- MeOH_Extract
L

o Suspended in water and
extracted with Hexane

|
MeOH fraction(409“{ \>

OF; OF;

-2-y11-2, 5-diphenyl-tetrazoliumbromide
(MTT, Sigma), ethanol(Merck, Germany
), penicillin-streptomycin, (Sigma), sodi
um bicarbonate(GIBCO), trypan blue(Sig
ma), phenolred(sigma), sodiumazide (Sig
ma), isopropanol(Sigma), HCl(Merck, Ge
rmany), Acetic acid(Glicial), sodium
hydroxide(Sigma) 123 staining buffer
(1xPBS, 3%FBS, 0.1%sodium azide,
20mMHEPES)S°lat  AHg717l= COz
incubator (vision scientificA} Al & (Model
VS-9108MS)E, clean bench (vision
scien-tificAt (KMC-14001)), centrifuge (
BeckmanAl, (GS-6R)),
scope(Nikon co, Japan), bright microscop

inverted micro

Hexane fraction
(2} 3.59)

| _OFs

Chromatography(Hexane

| ethylacetae = 10 : 1) SiO2
(70-230mesh)

Chromatography

{Hexane : ethyl

acetae = 10: 1~
[1:1)

Active

compound]

e(UFX-DX, Nikon),  ELISA-reader(
US.A), FACScan(Bectondickin
son, US.A), rotary vaccum evaporator
(Buichi 461), autoclave (Hirayama, Japan
), micro-pipet(Gilson, U.S.A), autostill W
G25(Japan), titer plate shaker(labline
inst,, U.S.A), culture flask(Falcon 3024),
multi-well plate(96-well, Falcon), conical
tube, disposable pipet (5ml, 10ml, 25ml,
Falcon) 2 syringe filter (0.25um, Fal
con)E& A&

Emax,

1) WA x FLBA 2 T
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Z o2y wadx Adx 500g€ Me
OH 10 Lel 35z A2o4 HFANFE
X g ARRElY A3t AddE
water bath (35C)4olA rotary evapo
rator2 F %3l F volume 1 L7} HA
3lo] E oo F(separating funnel)ol 2
t}, od7lo] n-Hexane 1 L& 78l &&
% "Fx] 3l Hexane 7}&E % MeOH
g&8gez Y7o 72 898 vz
3l 533} Hexane 7}4% 35¢g
MeOH 7}&& 40g& AU} o & %P
g4do] Yeld LAY E o]y A
Ao ZejFded Eoitt & SiOe
S A2 chromatography W'd& ALE3S
o0 o] o elution solventZx Ak : o
golAHOE = 10: 1 EFE0)E o] &3}
o 73 84& yeid OF-48 91 o
714 Azt didotAHolES] v &E w9
7} elutiondle] o ¥l - ofAlElo]E 5 : ]
fuj o)A WAl HAAFE Ao gt
FAZ HYstAct

nﬁ-l woo AN

2) WA EE FUBA
A9 TLC profile
<Figure will be shown by slide>
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stee
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Developing solvent
Hexane:ethylacetate=10:1
Detection: heating after
H2S04 spray

3) BEgAId 22 HE d2 394E
2 A9 TZ2EH
ﬁ‘%ﬂ*}éz&i—‘?—ﬂ de yggA
2 iAo HEclE Zujo A FxatE A
243 8 A o ge £
3}8t A dlojetE Ut
M.P.: 292°C
[alp +72(c=0.5, MeOH)
IR : KBr(cm") ; 3420(-COOH), 2950
(-CH), 1680(-COOH), 1450, 1380, 1020,

ok
to

980(Fig 2)

Low Resolution Mass(LRMS, 70 eV,
compound A methyl ester) : m/z(relarive
intensity); 470 ([ M'], 4.0), 410 ([ M'
-COOCHs3], 3.5), 262(100), 208(20.3), 207
(30.8), 203(74.2), 189(14.3), 133(24.4)(Fig
6)

'‘H NMR(DMSO-d6, compound A)
11.85 (1H, m, DO exchangeable, -CO
OH), 5.13(1H, m, 12-H), 4.24(IH, d, D:O
exchangeable, 3-OH), 3.12(IH, m, 3-H),
209(IH, d, J=10.6 Hz, 18-H), 0.98, 0.85,
082, 0.74 and 0.68(each 3H, s, 23, 24,
25, 26 and 27-CH3) (Fig 3, Fig 4)

YC  NMR(DMSO-d6, compound A
methyl ester ): 388(C-1), 27.2(C-2), 78.
9(C-3), 38.8(C-4), 55.2(C-5), 18.2(C-6),
33.0(C-7), 39.6(C-8), 47.5(C-9), 37(C-10),
17.0(C-11), 1255(C-12), 138.1(C-13), 42(
C-14), 28.1(C-15), 24.2(C-16), 48.0(C-
17), 52.8(C-18), 39.1(C-19), 388 (C-20),
30.7(C-21), 36.7(C-22), 28.1(C-23), 15.4(
C-24), 156(C-25), 16.7(C-26), 23.3(C-
27), 178.1(C-28), 23.6(C-29), 21.2(C-30),
51.4 (COOMe) (Fig 5)
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evaporationdtel A AEF  Sil; column
chromatography & ©l-&38ted At 3t
52 A acetate 20mg& @UATHFig 7).

(2) 332 A9 methyl ester

382 A 30mge 2ml MeOHol| =]
51 9] A% diazomethane in ether
golg slatm 1087 HxstAct #Fe
diazomethane in ether % MeOHZ
evaporationdte]l AAFF  Sik; column
chromatography & o] &8t BAste] 3t
§2 A methyl ester 20mgS AUTh

5) WAL xR
acid®l 39 A+

Hg]l Eelg ursolic

A, QA EA tg in vitro B8

1) AE et

L1210M £ 9} SNU-19] wi¥

o] MEE FHoln oWl st
g L12104 9+ SNU-1¢] v <}
2 RPMI 16408 % of| fetal bovine serum
(FBS, Flow Laboratories Inc, Mclean,
VA)S 10% st 1% FAAGIYAE
2-G 107 units/~2E@Ew9Fo]Al 100mg)
o} NaHCO; 2g¢ #7hsted Az stiH.

SKMEL-2, XF498, HCT 15, B16
melanoma AE 2 AS494 E o] Wi

wjoko) & L-glutamine®] ®3¥ RPMI
164080 Ao 56 CH 2ol 3082 723
o 2#Asl A7) fetal bovine serum
(FBS, Flow Laboratories Inc., Mclean,
VA 10% E&3a 1% A (A
-G 109 units/~2E @ ErelA 100mg)
s} NaHCO; 2g& #7tstd A= 3t .
w3l 2 o B3HE A9l in vitro PiIs e
He =A37] HEkd AR AEEL
SKMEL-2(3 4 %), XF498( %), HCTI15
(&2, B16 melanoma(FA4F) HE R

A549(Hleh) 5oz BT ngdo|t. AX
o] A 3~49q 138 EPeH,
monolayer ¢4F& F Aoz yE Fd
7] 98t phosphate buffered saline8 %}
of 025% trypsine®} 3mM trans-1,
2-diaminocyclo-hexane-n,n,n’,n’ -tetraace
tic acidl EDTA)E =9 848 AME3HA
1=

2) L12108} SNU-1 AIE g in
vitro AEE34E

L1210M X9 SNU-1AM X<
> A "‘E}'

AEEA Ado] ALLE = logarithmic
phasedl E=&d L1210 £ 9} SNU-141%E
2 a7 ¢ste] A3 2427 Hel 36~37
Tz 743 RPMI 10% FBS #WiAE %
2 75ml screw- capped erlenmeyer flask
o L12104 %8k SNU-14EE 2~3x10°
cells/ml s=7b A =238 F IR
th ol wjga wide FEE oF
08~10x%10%ells/mle] %7} HEF Ll
2109 SNU-1ME dgds HER
th AgE Agstr) vtz A 4 T
o] ojet2 £ dimethyl sulfoxide &4
oz wWERL, o AR & 0.lml
fresh medium 09 mlZ 73l 108} 343}
At} Screw-capped tubedl] AlE RS
< z+zh 100, 50, 25, 125 1.25 ug/mi® 7}
sn Yol ZAF AE BHFYGEX
10%cells/m)-& 5ml¥ Hol MyToz 3
A1, fEF tube@Vz 1 n = AEF)
= 5mle] #gdurs o 37C, CO
incubatorell A 48417t #j¥F  hemacyto
meterE Al g3l MESFE ARSI

sk AE

3) SKMEL-2, XF498, HCT 15, B16
melanomad £ 2 A5494 FEo] diE in
vitro AEEA A3

B A3 AE3 MTTHL Mosma
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nn'”o] |uate} KotnikEel WaAZ H
HE o83ttt & 96 well plated) 2zt
welldl 2 x 10 cells/200uE W1 37T
CO; incubatorol A 24A17b w3k 3 A
o FE2AE =¥z AZF3I ZH welld
20 S Ya 37C¢ CO: incubatorol A
48217t v Fgtth Wi gFE 4A17F Aol 5u
g/ml X2 DPBS-Ac] 34¥ MTT%
o 20ul8 7} wellol H7bsla, sjEEEA
742 et 2 Y8 AdA]A wjgdich
HkEF Al well plateE 1000rpmoll A] 5%
AR E 3 AFAE AAYR F
0.04N HCl~isopropanol 100ulE 2z} wello
bt 203 wwbAIRl o, titer
plate shaker (Lab-Line, USA) 3.5 speed
o 4] 5% 7} shakingdtth, A€z} well
9] 3% & ELISA-reader(Emax, US.A)
o| &&te] 570nmol Al FA s, AT
FREe vuste MEALFES %2

B st

dee 1o

H ARAVIHol )& Fryerd

Z

ke s

(1) 94218 m) 7 (Contrast Microscope)
of °Jg #F

SNU-1 celisoll ursolic acid® 6 pg/mt
< Agsta 4A 7k 24412 Fo Pejgt
A WHstE x400 wigollA BEEAH.

(2) F3AA3E0 7 (TEM; Transmission
Electron Microscope)®2Hab

SNU-1 cells& EB& g o8 2%
PFCHO(Paraformaldehyde)$} 2.5% GCH
O(Glutaldehyde)2 AZ® 12} mA A
4THA 427 T AT o]F 0.1M
PBS(phosphate buffer sol.)& 1A]7H¥ 3
3] A3tz 01M PBSE =AHE 1%
osmic acid(OsO)E 1A17F F2F ALl A
22t & & ¥, Epon 812& o]&3lH

Xojstgdt 100nmol 3] silver colore)
2HE  9Eo  TFHEA$FE(uranyl
acetate) Y} TAAHd(lead citrate) .2 2%
ARGt Eqyx@nHdog A

o,

(3) FAAAEHU]Z(SEM ;  Scanning
Electron Microscope)3 &1
SNU-1 cells& 2& 08 o]l& 2%

PFCHO(Paraformaldehyde)®t 2.5% GCH
O(Glutaldehyde)2 A ZE 1z 1A Ao
4ToA 4212 F< Al o]F 0.IM
PBS(phosphate buffer sol)Z 1A]7F% 3
3 AHsAG. o|F 50, 70, 85, 95%

ethanol® 1084 &% 3 F 100%
ethanololl A 1084 =8 g7}
2d F FAAzEu A B3E A

33.3% isoamylacetate/ethanol, 50% isoa
mylacetate/ethanol 3 50% isoamylaceta
te/ethanol& <ol A 1087+ wx3 3 o}
Al 100% isoamylacetate-g 2ol A 1087+
33 WXt g3}

Isoamyl acetate® &3t UAAAH A
Z7)(critical point dryer)® #W%3ld ¥
HE Fo08 Y&(gold coating)the FA}
AxR@nF oz ARt

5) FACSe] 938t § A% %2

(D w7 Wy dgo) 23

BALB/CE cervical dislocation® 2 =]
ARAIZ) F v A& HE3E 3 Scheme 134
Zol v Wy HgAg Azt
AE Hg 2 FAJAAE dFdoze
Ca®3 Mg®ol So] Q1A ¢-¢ Satining
buffer& AH83t4th A& 8v[FE 100
mesh(sigma, US.A)ol €8 ¥i FA7
JAE RRRow sy 2R AL
434k 15ml  conical tube(Becton
dickinson, U.S.A)oll &A °F 587+ 3
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Table 1.Monoclonal antibody used for immunoflurescence staining

Immune cell types Markers monoclonal  antibody
T cells Thyt,2 Jij
helper T cells CcDh4a GK15
B cells CD23 J11d-10
Macrophages CD11b M1/70
Second antibody Flab’), FITC - goat anti rat 1g’ (Tago)

ICR mouse

Sacrifice of mouse by cervical dislocation

Excise the spieen out

Spleen

Transfer onto a prewetted 100 mesh
stainless-steel screen

Cut into pieces

Squeeze through the screen

Transfer to a 15 mi conical tube

Keep stood for 5 min on ice

Take the upper layer

Wash 2 times with buffer(PBS wio Ca® &Mg™)

Hemolysis with 0.83 % NH.C

Adjust the cell concentration to 5x10° cells/ml

in 2% FCS-RPMi 1640

_Splenic Leukocyte suspension
Cell_culture

Pool the cells into a 5 ml tube

Wash 3 times with the staining buffer

Resuspend in 0.5 mi of the staining buffer

1l nsion |

Add 100 ! of the primary Ab

Incubate for 40 min

Wash 3 times with the staining buffer

mAb-boun i}

Add 50 | of Flab) fragment of
FITC~conjugated goat anti-rat_ig

Incubate for 40min on ice

Wash 3 times with the staining buffer

Resuspend in 0.3ml with stainging buffer

IF-stained cell

Scheme 2. Preparation of splenic leukocyte suspension.
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o] 229028 YAAY F 4Eoe
s 23 M3 083 % NH Cl &9
Y3 587} incubationr)A JETE &3
AR oA 28] Al# 32 RPMI640 2%
FBS (sigma, US.A)Z 5x10° cells/ml7}
HE g At

(2) AE wjg 2 FE A

v AE3 dgdg 24-well culture
plate(Becton Dikinson, US.A)d 1ml®
7}8la 2A17F ¥ complete RPMI uj X o
£ A7 ursolic acidE 100ul® 7}3te]
(AZF¥574 0, 1, 3, 6ug/mbo] 5 A3
5% CO; incubatorl A 37C oA 48 Az
v &3t o},

(3) 49 #FEA (immunoflucrescence
staining)

He PPN HAAHE 0-4 CTAA
AAjatga, vt vd NEE 3 48te
PBSZ 33 AH3 F 5ml FACS
tube(Becton Dikinson, US.A)° 0.3ml¥]
staining buffer® Y3 vortex3d & 94
2] (1300rpm, 5min)$tc}, zbzbe] 1z &
A Culture sup.& 1001 #-& 5ml FACS
tubeoll ¥ 1! vortex¥d F 40%-7tF iceol A
gS AT AFR3E 12 dAle 33 Al
2., fluorescein isothiocyanate (FITC)-
conjugated goat anti-rat Ig F(ab):
fragment 1:100(Tago, U.S.A) 3|M < 50
p1E 7hstin 4083 ¥HgAlA F 33 A
# & (03ml staining buffer®
vortex§t ¥ FACScan(Becton dickinson,
US.A)e g BAstgth

Yy

4) FAXE &4

HMo] gsd AHEEE  03mle
staining bufferd]l Y¥#A]# FACScan
(Becton dickinson, US.A)E o] &3ld ¥
AslAck Al89 5000712 AXol o3}t

o list modeZ #EE FHgdgoo
Consort 30 L2 18L& o]&, EAsac)
data®] BME& forward scatter(FSC)2}
side scatter(SSC)9 dual parameterZE o]
|3 dot plot AollA A wv]AAE
small lymphocyte 4% =2 lymphoblast
dA9E TR 1 F9 Bcel, CD4', T
cell Z&]3 Mac-1' cell®] 4] &(gated,%)
< A&

B. YA X g in vivo A3

(1) Sarcoma 180 ¢ T E o) g3l
PAR-

e

ol ALEE wpexFe

ANl T4 ICR vl$22 F3E& A}
I AF 18~23gdl
A, AMS2
o] © XolA Ex} HolZ A ghglo]

st i AR s A FH7E vpex
AHEgth ICR vh$-29] Bbueol 743
ks sarcoma 180MIEE B9l 3y
Fale Had WA Adgs-S
Xgg 28 YA EsY
w3 RFEdE AEIAES

i A A Ao EHAA g4
gt AFAE AAG F EAQE F
T& 98] Sarcoma 1804 ¥wHE &t}
T4¢ WHez 33 AHIF F hema
cytometer2 Aol 107 cells/mle] s %7}
HEE fERFAE BHED o] RHde
0.1ml¥ B3] olAlatdt, o4 ¥ 24
Al B8z F& 8~9rtglE gtk A=
© AAFE kel dimethylsulfoxideol] £ 3)
AlA BHELNE TE F 4Tol HESIY
FARR Aol HELA 30uS FHale] A
Adrdg 15mlet £F, HddE5E89 B
Zdlel 0.1ml¥ FAF st o gzTole
2% dimethylsulfoxide- A 2] A GRS F
ALt iz o] BT AlgEE 3t

2 our od

do T @ o O by
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Scheme 3. Tissue processing

Fixation —_—

|

C;__Dehyldration j

—_——
i
! l

F’_—_‘"’—‘—"—‘ . .
| Declcoholization

lmpregnatl

F’———-_L"‘- ;n'-j

l

IS S —
‘—:___ Embedding —_
=

r‘ Secuon cuttlng

(7 18~200)8 vlFoz AEWE A
Arstch AEU(T/C%)E PIZHYI T4
protocolell AFH 2l wet A

(2) Pulmonary colonization assay”

Ao AL vt EFES A
a M F& C5BLE k=2 TH
Aesn AF 18~23gel &3 AR
AL Ausgh AL 23~24TE 2%
zAo] ® FolM B HolE A il
s ARE FAA FH7L vhg-2

& A}g3stgoh. C57BL/6 #H-29 ul A
mo] 5X10° cells/0.2ml FAMEER ©1A
% 24NzZ BE 2 F& 8uElE gk Al
g A" %49 dimethylsulfoxideol &
AAA BEEAL WHE F 4T B &S}

N\O br

r

Oh
X

| —

20% formalin 24hr.

70% Alcoho! 30min. .
80% Alcohol 30min.
95% Alcoho! 30min.
100% Alcohol 30min.
100% Alcohol 30min.

Xylene 1 30min.
Xylene II 30min.
Xylene Il 30min.

Paraffin wax 2hr
Paraffin wax 2hr

Paraffin wax

Microtome

A A Ao BEL 30 FHatd A
zolg 15migt EF, A¥F29
o 0.1ml® FAF stgon gzl
= 2% dimethylsulfoxide @A @FdE
QM o)A TRE 1,2 3,56 8 YR
=okate WAoo 0.0ml¥ 73 AW F
A gtk @FolAd 21dAel AP
C57BL/6 A FE pentothal sodium(30mg
/kg, ZAAhHe R vhHsL A AAGE
3ta] 1|g] heparin®] SIUE 138 FA}
71(23G %1%, Samwoo Co)Z ¥HE A
st F4WS, WBC, RBC 2 hemo
globin ¢ =& Agsgen F71(&
. ug, w0, AE AAA I
3&;‘_‘5__}3}1 11114310 u}ﬁgiocq 3_5_5-] jr.“
o) 95E x200 &AM AT
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Scheme 4. Harris Hematoxylin & Eosin Staining

Deparaffinization ————— Xylene | 10 min,

Xytene Il 10 min.

hydration ——— 100% Alcohoi 2 min.

100% Alcohol 2 min.
90%  Alcohol 1 min.

~5min. | :
Washing— ; 80%  Aicohol 1 min.
| 70%  Alcohol 1 min.
Nuclear Staining ——————™Harris Hematoxylin 6 min
—2min.
Washing—
Decolorization ———— 1% HCI-Alcohol 4 drops
—2min.
Washing—
Bluing ————— Ammonia water 30 sec.
—2min.
Washing—
Cytoplasmic staining —————— Eosin sol. 6-8 min.
Dehydration |——————— 70% Alcohol 1 min.
[ ——————80% Alcohol 1 min.
90% Alcohol 1 min.
100% Alcohol 1 min.
100% Alcohol 1 min.
Dealcoholization ———— Carbol-Xylene 2 min.
Xylene | 2 min.
Xylene 1l 2 min.
Xylene I 2 min,
Mounting 1-— Canada balsam
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Table 2. Effect of Solvents Fractions of Oldenlandia diffusa Herba L1210 cell fine(5x10*cells/mi)

Fraction layers of

Oldenlandia diffusa Herba

Concentrations P-value
Hexane E. Ether E. Acetate
Control 1354332 1354332 135+3.32
1.25ug/ml 122 4:5.38% 1344345 136 £4.147 K
12.5ug/ml 118+ 3.68" 125655 132£397 M
25ug/ml 114541 116+5.29" 130£6.66° M
50ug/mi 88+455"% 101+303" 126625 w
100ug/ml 28+0.36" 43+255% 100+ 527" w

. : Statistically siginificant value compared with control data by T test

(K< 0.05, M:< 001, Wi< 0.001)

colonyF & #E3A.

(ZAWHE BTG GAFE] HolodF
B

Bl6-FoZ WA FABIR HA<s
o3 CSTBL/6 AFE 23U AA
v owg, A% 2 HFE 55 10% %
formalinol A% F AH3le 52

o 8Nzt FAE o ot scheme 23
2o BAL AR TRIATG AL
microtome2.2 A#WL ¥HEo] Hemato
Al (scheme 3)& 3t
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xylin & Eosin®
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1) msapdze) gulE8e) L1209
o e ATEA

Table 2014 R viel o] AMAZFL
Aeery nxezA gzl v &
<14 ATERE Rgos EESE
25ug/mio] el Fx=FH cﬂzwl 1 3}
SoAglE HAESEAHE H3n EAZTE
100ug/mlo} 3¢l  Frol A _,]Mgl‘—-
AEEAS el #AabFol 7H JbE
e nole Yoz AAHAUT

[} =3
AA o

9) WaAld o] &ujREEe] AMIYT
of th HME=A

Table 3014 ®E npg} o] #HIFE
125ug/mioj el w=HE dzTed HE
g g f4 dE HAESHEE H
g om EEZ% 125ug/mlo}del = ¢ B
gz v fFAdAE AESES X
Q31 EAZL 50ug/mioldel F =Mt
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Table 3. Effect of solvent fractions of Oldenfandiae diffusae Herba A549 cell line

( 2x10°celis mi)

Fractions of Oldenlandiae

diffusae Herba

Groups e P-value
Hexane E. Ether E. Acetate
Commol 100406  100+406 100406
1.25ug/ml 9531311 9542276 97.31£3.14 -

12 5ug/ml 8851267 82.1+3254 93.1+455" KM
25ug/mi 71.12345%  84p5+2.09M 94.1£421 MW
50ug/mi 583+333" 789+ 1.25% 88.1+342¢ KW

100ug/ml 554+421%  655+321% 859+551% KW

» ¢ Statistically siginificant value compared with control data by T test

{K:< 0.05, Mi< 0.01, W< 0.001)

FAHNE MEEHE dEhfe Hais
7 dEZFo] BF Aoz Hol

AL HEol 7+ 7t

oz AAAAU

3) 3FE AY FEEA

MEAbd 2 AL E o2 HE Si0 colu
mn chromatography & %3] 42 &3 &
A ethylacetste 8 FollA] WA} A
Hoz2 dojHu. sIgHE A9 UV spec
trum< 200nmell A} end absorption® }E}
o] isolated double bondo]$]¢] chromo
phore7} EA81A] FSE ¢F UM, IR
spectrum (Fig 2)14 3420 cm’', 1680
cm 'AlA FFFUE JEhdo] -COOH9
EAE FAHAL & UMt

338 32 A9l 'H-NMR spectrumol
A 811.85 ppmollA 1HES DO ex

changeable protone] YElY 1 & 3§}

DO exchangeable proton®] 84.24 ppm®l|
#EEol M2 o F9 -COOH
& -OH9 &A1& FAHY + YAy =
$5.13 ppmol Al triplet like multiplet©]
Elv} double bondE 2% £ YUt
71E} angular methyl?| £ 2 FA =+ 3H
9] singlet7} 1.0 ppm*t-2olA ttA 7}
AFEAG. FH AE A “C-NMR
spectrumol| Al & 30702} carbon peakZ
g 4 Qo] A5 sgE Av ¥ 3070
2 $4s531 -COOH % -OH7|E 71}
triterpeneA| B9l HFEZ FHE £ AN
o Ad A= o] ¢zto] -COOH ¥ -OH
71E 712 o2 7kA] A9 triterpeneAld
sIFEE0] EASER FHIE A9 A
g TEAES H3td HI}E AS FEF
o2 HYPAA HAdY F A g &
A% 33HE A9l acetate= 'H-NMRo| Al
3t acetyl7]7F EUHASTE BHAFY

£ o

T

<
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ou(Fig 7 #%), 9A Al ezt 94
818+ 2 A2] methyl estere 3ht9l
methyl7]7} £5e) 2% 3¢E AL &
1}e] -COOH 2 -OHel #AE AF &
o1& & Utk (Fig. 6 FA=).

a1 332 A9 methyl ester?] Be
“NMR spectrum& 258 #2" 7} EF A
o] chemical shiftx(8)& @ “ehd
odeyzba gAbrzRe HPEES AAE
1} wjwatel & A3} ursolic acid methyl
ester?] AT ABEA AXNFE L T
9llth(Fig. 5 #=x). % °l9 low reso
Jution mass %Al ursolic acid methyl
esters] 273 wmstd FdE (M)
peak 2 $ %3 fragment ion peakE &
o= hFig. 6 FF). ol 2o A
2 u)Zolyo}l 3}FE AL a-amyrinA
o] &8l ursolic acid®2 F3E 2 g)o]
71e8f ¥3 (mp) ABx ([dp) &
physicochemical data& HFE3 vt
of RAN dXFL AT F AU

ks

=
=

ul
=

4) M5ALA 2 ursolic acid®) &l o
3} in vitro Al XS4

Ursolic acid¥ HCTI15, XF438, SK
-MEL-2, A549, SNU-1 =0 oFd o
3k EDS00| 13ug/mt, 15pg/mé, 12pe/mt, Oug
/mé, 1lpg/ml T 2% Uel §E23 X
=49 Ueyen, ursolic acidel FEA
ol ursolic acid methyl estere EDS0°
AS4901 A 82ug/mlQ) AS-E AEa R
R T R I s - g Qi A 1 B
ursonic acid= ED50°] 2ug/mé, 2ug/me, 10
pg/me, 1lpg/mb, 3pg/mt & 2% JEeEh #
ok HEEAC ASE ¢ F AN

9y wiziAldze] SwjE Yol AS9UT
o] i3 MESA

Table 3914 BE uigh Zeo] HAZTLE
125ug/mlo} el FEFE izl H) 3}

r

B2 ek

o)
EASS 50ug/miol el sXZolA
A

d 32 238 o

Lo kW0 L

Amk sakzo] 74 e
Yoz AAFHA

Bo|&=

3) 33HE A9 FXEY

Waial gz HAEHoZRE S0 colu
mn chromatography 2 %3l

= ethylacetste & FollA] HAHE 2
Hoz Aojxrt FHEFE A9l UV spec
trum- 200nmol A end absorption® UHEF
o} isolated double bonde]®}e] chromo
phore7t EAI8tA ¥ &5 UM, IR
spectrum (Fig 2)ollA 3420 cm}, 1680
cm 'l F53WE Uehie} -COOHS
ZAQE AT & AU

std 338 A9 'H-NMR spectrumel
A= §11.85 ppmollA 1HE S DO exch -
angeable proton®] WEYI, E 3} 9]
D-O exchangeable proton©] 54.24 ppm®l|
A Base Az & Frie -COOH
ze -OHY EAE FAYL F UANUH E
3k $5.13 ppmoll Al triplet like multiplet®]
Uehy double bondE #3538 F+ AT
716} angular methyl7} €3 3=+ 3H
2o} ginglet7t 1.0 ppm¥-ZollA oA 7R 7t
#A5Y @A FFE A9 "C-NMR
spectrumell 4 &= 307§ ¢} carbon peakE &
2% 4+ Qo AF AFE Ax @2 307
2 FA4H: -COOH 2 -OH7|& 7HA
triterpene A4 9] SR FAY ¥ A
th. A Aol & olgtzte] -COOH R -OH
712 747 ei7kA AF e triterpeneA &
sgEso EAsnz 37T A Y
s T2FIE A5t AFE AL FHEA
oz WYAA Bk F AR wt &



14 wx%k wRBEE PNE F5%

Table 4. Effect of Ursolic acid on the cytotoxicity against cancer cell lines{%controf)

Szcg)/l\:n(;) SNU-1 HCTI5 XF498 SK-MEL-2 A549

3.125 100..0 91.0430 94.9402 93.1733 100.9895
6.25 89.3 83.0316 83.5897 72.4800 88.7945
125 538 81.0983 82.0171 67.0613 74.1392
250 6.1 63.6651 71.3504 18.7200 43.0634
0.0 -872 1.1344 -78.4703 -93.5432 -67.5596
100.0 -73.41 -57.0089 -92.0680 -97.6325 -89.3823

ED 50 13.125 152342 11.9509 9.2704 11.6432

Table 5. Effect of Ursolic acid

methyl ester on the cytotoxicity against cancer cell linesi%control)

CONC. SNU-1 HCTI15 XF498 SK-MEL-2 AN
(ug/mt)
0 3 100.1215 93.1118 100.0915 98.1328 100.8120 —
10 100.0913 97.8087 99,7712 98.5572 96.7996
3.0 84,1352 98.7160 96.0645 88.3726 91.7363
100 71.4618 98.3837 95.0120 87.3541 92,6975
30.0 68.4614 93.6556 88.1936 84.0441 85.1445
100.0 51.6013 51.2840 47.3287 48.3980 38.8584
ED 50 101.2435 144 6875 115.6059 125.0890 81.8407
A% HFE A9 acetate:= 'H-NMRo) A 8 S3}E A9  methyl esterd

3hte] acetyl”]7t EUHAEE BAFY
ow(Fig 7 #%), 94 Faol B 4
g 3IEA9 methyl esters 3o
methyl7| 7} = Y=ol A2 3gE AE 3§
9] -COOH % -OH¢Y A8 AS &
& + AN (Fig. 6 A=),

“C-NMR spectumo 28§ matg zt
©4:9] chemical shiftx](8)& £Ro] g
G g7k FAR R HIYES oA
€% vlxdtqd E A ursolic acid
methyl ester®] 273 FalA XL
4 UANHFig. 5 FF). £ o9 low
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Table 6. Effect of ursolic acid of Oldenlandiae diffusae Herba on spleen weight and lung colonies

in C57BL/6 injected 1v.with Bi6-Fo.

Group Spleen weight(g) Lung colonies
Normal 0.104+0.009" 0.00+0.00
Control 0.174%=0.035 61.0£342
Ursolic acid 0.185 = 0.034" 4.15+1.07"
Normal : Non-treated group
Contro! © Saline-treated group after iv. injection of B16-Fo

Ursolic acid : Ursclic acid of Qldenlandiae Diffusae Herba—treated group after Lv. injection of B16-Fo

(K< 0.05, M:< 0.01, W:< 0.001)

resolution mass % *] ursolic acid methyl
estere] AT vlwsld FAY M']
peak 2 FUg fragment ion peakE
wol=qth(Fig. 6 #Z). olsh 2 AL
s2 nZolxol 3EE AE a-amyrinAl
0101

2 2

o] Z&E ursolic acid®2 F4HE g F
Ma% ([alp) &

¥ vlwdt

718f €4 (mp) R
physicochemical data® 3
F AR

o Bz YABL BAL F

4) W 3AA % ursolic acid®l
& in vitro A X543

Ursolic acide HCTI15, X498,
SK-MEL-2, A549, SNU-1 59| el
g3 ED500] 13ug/mé, 15u8/mb, 12p8/mk, 9
pg/mb, 1lpg/mt 5 o2 et FE Al
TEAS Ve ey, ursolic acid®] =
791 ursolic acid methyl estere ED50°]
AS490) 4] 82ug/med) 75 At E
= j000]%ololA &L @itk HH
ursonic acide ED50°] 2ug/me, 2ug/mé, 10
ug/mt, 11lpe/ml, 3ug/mb 622 ey
g8 AEEAC USE & 7 AN

taeol o

5 dAadAu Az AxdAr 73 (SEM
&TEM)Ol o3 sujss waad

SUN-IgHFo] ursolic acidZ @&
gAx@En Aol 9a Bl dETl
Bla] 4Nt EolE AEZEre] £4E
& glon 24Aztele #ute) RF A
xAe S0z AHEAM Oli% T
A%, —r*}’qz}&‘“]ﬂ"ﬂ o] g FEo| &
T UAX ST 4Ad e Axejae] 29
o] Aoz Yents 24A7FAE
AExAZFoR oA §7i7t 2859
w1, EfdARAu AN ANGFAE &
g7t eAH ] AHA L o &7t
Uehdy] Alasl 24A17k el e &
gy = ¥/ BAEY Ax AEA
o2 Zog B & UM

&

<Figures will be shown by slides>

6) MBI ALA 2 ursolic acid7b 7 ol
colonyFol WlAE |
#aoz Hol® colonyTE =l

A glAold ot MatALEd 2 ursolic acid
AAFe Wzt FAUA Fas
At Table 6).

7) M3AA 2 ursolic acidel  EH A

5}
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Table 7. Degree of infitration of B16-Fo into Kidney.

Degree infiltration of B-16

Grou ;
P melanoma cell line

Site for infiltration of B-16 melanoma
cell line

Cortex medulla

Normal -

Control -

Ursolic acid -

Bl6-Fod v FZ #HAH Aoz
77 O Holged WAz
ursolic acid& g3 APFNAE= gz

ol Hla Heolzb A glA=ul(Table 7,
Table 8, Table 9), A& £5"%& ursolic
acid”} embryo chorioallantoic membrane
assayol A4 IC50°] 5 pg/mé o2 e} 7
g gdAdo] glgtm Hustgow, s
< ursolic acid’} Northen blot ¥4 0d]] A
Abg o9l HT 1080 fibrosarcoma
of da] 4+F9 invasion® ZAAATT
Hueol U3t Axz B

<Figures will be shown by slides>

8) W3ALd % Ursolic acid?} BALB/C
H| g9l A A Fo] n)x]= g3t

A2 E FEEE FIAHZ 1
A e FAH3A TN Tabledl] Ve
v ule} o] ursolic acid®) BXE 6ug/mé
7HA Fxed Hl#std B cell& F7HAA
Zgk T celld] Wiy nLeEodyEsE =
Aol A=A

9) Ursolic acid®] S-180°] il 3tetAl

Ursolic acid®} OF-48 S-180¢} ojal#
A 10U FTEFEARE AFFE
ZAsAvY 574 FAE Y B} Figol

AN M7 Bedez i AFZsu) o
ZaoME gFol4F 8dd FAZ =
7beted 16Yell 25 A9 cisplatin 2

ATe 44 A5 %Z ‘}%1_@1 OF
~4s>+ UAXH A7 Bz
169 o] FFE AHAba

#i UEtl Agazdgod e o
Z7¢ MSTE 4%, OF-4 HAFL 17
d, UA AHATL 4 (¢Fo)AFE 30d
A2 Jeld, OF-44x 23 UAX A2
o T/C %= z+zt 1214 %, 171 % = U}t
Ebi} ursolic acid9] 3HetAdeo] 1A o

Gol A g8 2AF L= wg
At % (Oldenlandiae diffusae Herba)ol] A}

L12103 A549¢] dis) 713 F& NEs
AE BEd AirFoA 2ald getza

o] ursolic acid®¥-g ¢ F At} Ursolic
acid®| ¥% ¢F(SNU-1, HCT15, XF498,
SK-MELZ, A549)° dj& IC502 zHzt 13
pe/me, 15ug/mé, 12ug/mé, 9Yug/ml, 11ug/me
T2 MNEESAH4E vEWen, pulmon
ary colonization assay® *7]Z & W}
Atz ulal o3 Aol EHE
e, S-180% Tl HE T/C%E 171
%z 2zl Mstel folg Aolane
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Table 8. Degree of infitration of B16-Fo into Lungs.

Site for infittration of B-16
Degree (nfiltration melanoma cell line

Group of B-16 melanoma Inflammation  Hemorrhage
cell line perivascu Peribronc  alveolar
lar hiole sepa
Normal - - - - - -
Control +++ - 44+ - - -
ursolic acid - - -

Table 9. Degree of infiltration of B16-Fo into Liver.

G Degree infiltration of B-16 Site for infiltration of B-16
roup

melanoma cell line melanoma cell line(Portal triad)
Normal - -
Control -

ursolic acid -

- : Negative, +  mild, ++ : moderate, +++ : severe
Normal : Non-treated group
Control : Saline—(reated‘group after iv. injection of B16-Fo

ursolic acid : Ursolic acid of Oldeniandiae Diffusae Herba- treated group after iv. injection of Bi16-Fo
<Figures will be shown by slides>

Table 10. Effect of Ursolic acid isolated from Fraction Oldenlandia diffusa on the splenic leucocytes
of BALB/C mouse with B/T and CDA4/T

Drug % Positive cells to .
Group concen. BT coaT
(ng/mi) Jj-10 GK.1.53 Jid M1/70
Contro! 0 50.1 36.0 481 143 0.96 0.72
1.5 50.7 34.1 50.2 135 0.99 067
30 526 315 529 135 1.0t 0.59
6.0 36.4 141 629 216 172 0.39
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Table 11. Effect of OF-4 and ursolic acid on MST of ICR mice on the 26th day after implantation i.p.
with Sarcoma 180.

Group No.of animals M S T (day) TIC (%)
Control 10 14

OF-4 10 17 1214
UA 10 24 171

Contro!l : Non treated group
OF-4 : OF-4 treated group

UA : Ursolic acid treated group

Changes of body weight of mice
Sarcoma~-180

60

574

54 4

51

T 42

T T T T T T T T T T
0111213141516171819202122232425262728293031
Days

L—-— Control  —+—0F 4 % Ursolic acid ~& CISPLATN 1

Fig 1. Changes of body weight of ICR bearing S-180 treated with OF-4 & wrsolic acid
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BC-NMR spectrum of

compound A methyl ester from Oldenlandiae diffusae Herba

Fig 5.
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FILCH=ME: V=2 L@l
COMMCNT: bli »27§&- 7

mapEs €1
€Ut i
1§ TEMEL 220
Lt TEMFE 1iS

GuINT 2.7
LieN SFELDE ®

TOTAL

paTa R.T.  SEaK MAcs Ramce tasc FLax Keu- E.G.
e 2.3 T35 TUi-UATY zzevoal gaz) 1vesaie 9= @
138 43D 471 33a%0ac &iz) 1vedoSe 0= 9
262-COQH
[ |' A’ L} J! L} ¥ L] ll L l T 'I 1] L] ¥ 13 ] g T T 4 L] L) ¥ ¥ T
«a co se 108 138 148 1&a 138 308 238 24 23 338
/. s.a
M -COOCHs
T 3 L} ¥ L3 ¥ L] L 1] T ' L] ll L] L) L] L} L li T i
2ee | 21@ 3@ 3Ta aTe %A 41@ 430 420 72 430
FILENAME:Y-2 01
COMMENT:DI91/8/7
MOOE: E
Ev: 20 GAN:- 27
1S TEMP: 250  SCAN SPEED: 9
DI TEMP: 125
DATA RT. PEAK MASS RANGE BASE PEAK TOTAL RAW- BG.
66 28 148 42- 471 320700 262) 1946054 - 0
148 42- 471 3207000 2620 1946054 o O
MASS RINT. TOTAL AINT. MASS RINT. TOTAL AINT.
450 86 14 27470 220 133 22 42600
500 262 43 83900 2030 742 122 237800
820 83 14 26610 2040 121 20 38700
840 18.1 30 58100 2050 94 1.5 30020
86.0 113 19 6250 2070 0.7 5.1 98300
1330 243 40 78000 2080 |, 203 34 65200
189.0 143 23 45700 2620 1000 165 320700
190.0 1.1 18 35440 263.0 212 35 68000

Fig 6.

MS spectrum of compound A methyl ester from Oldenlandiae diffusae Herba
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